We analyse the CP asymmetry for B s → γγ in the two Higgs doublet model with tree level flavor changing currents (model III) and three Higgs doublet model with O 2 symmetry in the Higgs sector, including O 7 type long distance effects. Further, we study the dependencies of the branching ratio Br(B s → γγ) and the ratio of CP -even and CP -odd amplitude squares, R = |A + | 2 /|A − | 2 , on the CP parameter sin θ. We found that, there is a weak CP asymmetry, at the order of 10 −4 . Besides, the branching ratio Br(B s → γγ), and also R ratio, is not sensitive to the CP parameter for |ξ
Introduction
One of the most important classes of decays are rare B-meson decays which are induced by flavor changing neutral currents (FCNC) at loop level in the Standard Model (SM). Therefore, one can obtain quantitative information for the SM parameters , such as Cabbibo-Kobayashi-Maskawa (CKM) matrix elements, leptonic decay constants, CP ratio, etc. and the measurement of physical quantities like branching ratio (Br), CP asymmetry (A CP ),. . . etc, gives important clues about the model under consideration. These decays are also sensitive to the physics beyond the SM, such as two Higgs Doublet model (2HDM), Minimal Supersymmetric extension of the SM (MSSM) [1] .
B s → γγ decay, which is an example of the rare B meson decays, is an important candidate to test the theoretical models and to construct new models in the framework of the planned experiments at the upcoming KEK and SLAC-B factories and existing hadronic accelerators.
B s → γγ decay, induced by the process b → sγγ in the quark level, has been studied in the SM [2] - [5] and 2HDM [6] without QCD corrections. Since the QCD corrections to the inclusive decay b → sγ are large (see [7] - [10] and references therein), it is expected that they are also large in the inclusive b → sγγ decay and, therefore, in the exclusive B s → γγ decay. With the addition of the leading logarithmic (LLog) QCD corrections, the analysis has been repeated in the SM [11] - [13] , 2HDM [14] , MSSM [15] , and the strong sensitivity to these corrections was obtained. Recently, B s → γγ decay has been calculated in the framework of model III [16] with the addition of the LLog QCD corrections and the current upper limit of the Br ratio Br(B s → γγ) ≤ 1.48 .10 −4 [17] was theoretically obtained for larger values of the Yukawa couplingξ N,bb and the ratio |r tb | = |ξ N,tt ξ N,bb | >> 1 (see Appendix C for definitions).
In the present work, we study B s → γγ decay in 2HDM (model III) and three Higgs doublet model with O 2 symmetry in the Higgs sector (3HDM(O 2 )) [18] , with complex Yukawa couplings. In our calculations, we take into account the perturbative QCD corrections in the LLog approximation by following a method based on heavy quark effective theory (HQET)
for the bound state of the B s meson [11] and we also consider the long-distance effects due to the process B s → φγ → γγ, [11] . Since the complex Yukawa couplings are chosen in the calculations, in addition to the CKM matrix elements, there is a new source for CP violation.
Using this new source, we obtain A CP in model III at the order of 10 −4 , which is a small effect. Furthermore, we calculate this quantity in the 3HDM(O 2 ) and find that there is a small decrease as compared to the former one for sin θ ≤ 0.5. Finally, the calculations of Br and the CP ratio R = | [14] , [19] )
The decay amplitude for the B s → γγ decay is obtained by sandwiching the effective
Hamiltonian between the B s and two photon states, i.e. < B s |H ef f |γγ >, and the matrix element can be written in terms of two Lorentz structures [5] - [6] , [11] - [13] :
whereF µν = 
and,
However, we do not take the CP -even and CP -odd amplitudes corresponding to the primed operator set since their contribution is small as compared to former ones (see [16, 20] ). In eqs. for q = d, s, b. Here, we have used the unitarity of the CKM-matrix i=u,c,t V * is V ib = 0, and also the contribution due to V * us V ub ≪ V * ts V tb ≡ λ t is neglected. The function g − is defined as [11] :
The parameterΛ s enters in eqs. (3) and (4) through the bound state kinematics (for details see [11] ). In the expression (3), the LLog QCD corrected Wilson coefficients C 1...10 (µ) [11] - [13] are,
and the effective coefficient C ef f 7 (µ), defined in the NDR scheme, is [20] C ef f
where N c is the number of colours (N c = 3 for QCD). The functions I(m q ), J(m q ) and △(m q )
come from the irreducible diagrams with an internal q type quark propagating and their explicit forms are given in Appendix D. In our numerical analysis we used the input values given in Table (1) . 
and the CP -asymmetry
we get
where
and
In eq. (10), we used the parametrization,
with
Here,ξ U N,tt is chosen to be as real andξ
Finally the functions P 1 (µ) and P 2 (µ), in the LLog approximation [21] , are
In eq. 15, η = α s (m W )/α s (µ) and h i , a i are numbers which appear during the evaluation of the Wilson coefficients [22] . Now, we would like to add the LD distance contributions due to the process B s → φγ → γγ [11] . These effects can be taken into account by the redefinition of the functions T
Note that there is also a LD contribution due to the chain process B s → φψ → φγ → γγ and it is negligible compared to the one due to the decay B s → φγ → γγ [23] .
Finally, we derive the branching ratio for the given process as
In the 3HDM(O 2 )(see Appendix C and [18] ), the physical quantities under consideration are the same with the redefinition of λ θ ,
3 Discussion 
∆F = 2 mixing and the ρ parameter [25] (see [20] for details). This discussion also allows us to neglect the contributions coming from the primed operator set. Further, the CP parameter "θ", since we predict that this choice reproduce effectively the Next to Leading Order (NLO) result (see [11] ).
In Fig 1(2) , we plot the A CP of the decay B s → γγ with respect to sin θ, forξ In conclusion, we study the CP asymmetry of B s → γγ decay in the framework of the model III and 3HDM(O 2 ). Further, we analyze the Br and R ratio of the given process. We can summarize the main points of our results:
• In model III, a weak A CP is possible and it is at the order of 10 • The Br ratio is not sensitive to CP violation parameter θ and the enhancement as compared to SM is negligible in both models, for |r tb | < 1
• The R ratio is also non-sensitive to the parameter θ in both models.
A Appendix Model III
The Yukawa interaction for the 2HDM in the general case is 
and the vacuum expectation values,
we can write the Flavor Changing (FC) part of the interaction as
where the couplings ξ U,D for the FC charged interactions are
and ξ
U,D neutral
1 is defined by the expression
Here, the charged couplings appear as a linear combinations of neutral couplings multiplied by
In the 3HDM the general Yukawa interaction is,
1 In all next discussion we denote ξ
where φ i for i = 1, 2, 3, are three scalar doublets and η
are the Yukawa matrices having complex entries, in general. Now, we choose scalar Higgs doublets such that the first one describes only the SM part and last two carry the information about new physics beyond the SM:
with the vacuum expectation values,
Note that, the similar choice was done in the literature for the general 2HDM (model III) [25] .
The Yukawa interaction responsible for the Flavor Changing (FC) interactions is
and the couplings ξ U,D and ρ U,D for the charged FC interactions are
In the 3HDM model, the Higgs sector is extended and therefore the number of free parameters, namely, masses of new charged and neutral Higgs particles, new Yukawa couplings, increases. Fortunately, by introducing a new transformation in the Higgs sector and taking the 3HDM Lagrangian invariant under it, the number of free parameters can be reduced enormously [18] . Taking the following O(2) transformation:
where α is the global parameter, which represents a rotation of the vectors φ 2 and φ 3 along the axis where φ 1 lies and assuming the invariance of the gauge and CP invariant Higgs potential
we get the masses of new particles as
Further, the application of this transformation to the Yukawa Lagrangian eq.(28) allows us to write the equality
and therefore the Yukawa matrices ξ U (D) and ρ U (D) can be parametrized as,
Here ǫ U (D) are real matrices satisfy the equation
and T denotes transpose operation. Finally, we could reduce the number of the Yukawa matrices , since we assume that the others are small due to the discussion given in [20] .
C Appendix
The operator basis and the Wilson coefficients for the decay b → sγγ in the model III
The operator basis is the same as the one used for the b → sγ decay in the model III [20] and
extensions of the SM [27] :
and the second operator set O 
where α and β are SU(3) colour indices and F µν and G µν are the field strength tensors of the electromagnetic and strong interactions, respectively. In the calculations, we take only the charged Higgs contributions into account and neglect the effects of neutral Higgs bosons (see [16] for details). Further, in our expressions we use the redefinition, 
and for the second set of operators eq. (42), 
Note that we neglect the contributions of the internal u and c quarks compared to one due to the internal t quark. In the 3HDM(O 2 ) model, the Wilson coefficients are obtained with the 
and taking zero for the coefficients of the flipped operator set, i.e C ′ i → 0.
The evaluation of the Wilson coefficients are done by using the initial values C
) and their contributions at any lower scale can be calculated as in the SM case [20] .
D Appendix The necessary functions used in the Wilson coefficients
The explicit forms of the functions I(m q ), J(m q ) and △(m q ) appearing in eqs. 3 and 4 are > 0 (C ef f 7 < 0). Note that, for 3HDM(O 2 ), R ratio is almost the same as the one calculated in model III.
